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[57] ABSTRACT

A bipolar transistor in accordance with the invention
includes a polysilicon base contact (607A) which is
self-aligned with a polysilicon emitter (303). The

- polysilicon emitter is formed from a first polysilicon

layer overlying an intrinsic base region (502) in a sub-
strate (201). An extrinsic base (504) in the substrate 1s 1n
contact with the intrinsic base and is self-aligned with a
spacer (406) adjacent to the emitter. The polysilicon
base contact is formed from a second polysilicon layer
(407) in contact with the extrinsic base and overlying
the emitter. A second sidewall spacer (508) is formed on
the second polysilicon layer on step caused by the emit-
ter. A protective layer (509, 510) formed on portions of
the second polysilicon layer protects the base contact
when the second spacer and the underlying portion of
the second polysilicon layer are removed. The separa-
tion between the polysilicon base contact and the
polysilicon emitter is controlled by the thickness the
second polysilicon layer and the thickness of the spacers
so that the base contact is self-aligned with a fixed sepa-
ration from the emitter. Layer and spacer thicknesses
define separation between the emitter and the base
contact and permit sub-micron active regions in the
substrate.

19 Claims, 4 Drawing Sheets
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PROCESS FOR MAKING SELF-ALIGNED
POLYSILICON BASE CONTACT IN A BIPOLAR
JUNCTION TRANSISTOR

This application is a division of application Ser. No.
08/213,878, filed Mar. 15, 1994.

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s related to and imcorporates by
reference U.S. patent application Ser. No. 08/198,170
by Richard P. Ciari, entitled “Low Temperature Pro-
cess for Growing Thermal Oxide Layers” and U.S.
patent application Ser. No. 08/213,360 by Rashid Bashir
and Francois Hebert, entitled “Self-aligned Source/-
Drain Polysilicon or Polysilicide Contacts in Field Ef-
fect Transistors”; both assigned to the same assignee as
the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to bipolar transistors and pro-
cesses for making bipolar transistors and in particular
relates to a self-aligned polysilicon, polysilicide, or sili-
cide base contact in a bipolar junction transistor.

2. Description of Related Art

Bipolar transistors are common integrated circuit
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elements having many uses. FIG. 1 shows an example of 30

a prior art NPN bipolar transistor 100 having a base 102,
an emitter 103, and a collector 104 formed in a silicon
substrate 101. Base 102 has P type doping which is the
opposite doping type from the N type doping used in
emitter 103, collector 104, and substrate 101. Accord-
ingly, junctions are formed between base 102 and emit-
ter 103 and between base 102 and substrate 101. Metal
contacts 106, 107, and 108 respectively contact base
102, emitter 103, and collector 104 through openings
109 in an insulating layer 105 so that bipolar transistor
100 can be connected to other circuit elements. In for-
ward active mode, voltages applied to emitter 103 and
collector 104 tend to forward bias the junction between
base 102 and emitter 103 and reverse bias the junction
between base 102 and substrate 101, and as 1s well

35

45

“known, a base current through contact 106 controls

much larger emitter and collector currents through
contacts 107 and 108 respectively.

- Several manufacturing constraints limit the minimum
size of transistor 100. For example, lithography and
etching techniques limit the minimum size of openings
109. Accordingly, active regions in substrate 101 such
as emitter 103 must be larger than the minimum opening
size, otherwise the emitter contact 107 would also could
contact base 102. Lithography and etching techniques
also limit the separations between metal contacts 106 to
108 (and between base 102, emitter 103, and collector
104). The separations must be sufficient to permit etch-
ing which electrically isolates metal contacts 106 to 108
from each other. Further, since metal contacts 106 to
108 and openings 109 are formed using different masks,
the separation between openings 109 (and between base
102, emitter 103, and collector 104) must be large
enough that the expected misalignment between the
mask which defines openings 109 and the mask which
defines contacts 106 to 108 still provides working

contacts.
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Accordingly, structures and manufacturing processes
are needed which reduce the size of active regions in
bipolar transistors.

SUMMARY OF THE INVENTION

In accordance with the present invention, bipolar
transistors and processes for forming bipolar transistors
are provided. A typical bipolar transistor in accordance
with the invention includes a polysilicon base contact
which 1s self-aligned with fixed separation from a
polysilicon emitter. A first polysilicon layer forms the
emitter of the bipolar transistor, and a second polysili-
con layer forms the polysilicon base contact. An extrin-
sic base which extends beyond the base contact toward
the emitter links the base contact to an intrinsic base
underlying the emitter. The base contact may be ex-
tended over field oxidation areas where metal contacts
are formed. Because the metal contacts are away from
the active regions, design rules for the transistor may be
relaxed, or alternatively, smaller active regions may be
formed.

A process for forming the self-aligned base contact
uses a spacer formed on a sidewall of a step caused in
the second polysilicon layer by the emitter. A protec-
tive layer 1s formed on portions of the second polysili-
con layer not covered by the spacer. By selectively
removing the spacer and the underlying portion of the
second polysilicon layer, a portion of the second
polysilicon layer protected by the protective layer is
1solated from the emitter and forms the base contact.
The separation between the polysilicon base contact
and the polysilicon emitter is controlled by the thick-
ness the second polysilicon layer and the thickness of
the spacer.

A spacer formed on a sidewall of the emitter before
the second polysilicon layer can provide additional
separation. The separation between the base contacts
and the emitter is not subject to alignment error be-
tween masks because the spacers which define the sepa-
ration are self-aligned with the emitter. Improved con-
trol of the separation is provided over the prior art
because 1n accordance with the present invention, con-
trol of separation depends on the ability to form sub-
micron layer thicknesses rather than submicron lithog-
raphy.

Additionally, the process for forming transistors in
accordance with the present invention contains many of
the processing steps and layers used in forming field
effect transistors as disclosed in co-filed U.S. patent
application entitled “Self-aligned Source/Drain
Polysilicon or Polysilicide Contacts in Field Effect
Transistors”, incorporated by reference above Accord-
ingly, the processes disclosed may be easily incorpo-
rated 1nto a Bi1-CMOS process for fabrication of inte-
grated circuits.

One embodiment in accordance with the invention is
a process which includes: forming an emitter from a
layer overlying a portion of a semiconductor surface;
forming a spacer adjacent to a sidewall of the emitter;
forming an extrinsic base in the semiconductor surface;
depositing a conductive layer over the extrinsic base,
the spacer, and the emitter; forming a second spacer on
a sidewall of the step of the emitter; forming a protec-
tive layer on regions of the conducting layer not cov-
ered by the second spacer; removing the second spacer
to expose portions of the conductive layer covered by
the second spacer; and removing the exposed portion of
the conductive layer to leave a portion of the conduc-



3

tive layer in contact with the extrinsic base and electri-
cally isolated from the emitter.

Typically, the semiconductor surface is a surface of a
silicon substrate, and the emitter and conductive layer
are doped polysilicon layers of opposite doping types
formed overlying the silicon substrate. Typically, the
extrinsic base is initially formed in the silicon substrate
by 1on implantation and/or diffusion using either the
emitter alone or the emitter and the first spacer as a
mask, and the dopant concentration of the extrinsic base
is increased by diffusion of dopants from the conductive
layer. The materials of the second spacer and the pro-
tective layer are chosen so that a selected etch removes
the second spacer but leaves the protective layer intact.
Typically, the second spacer is silicon nitride, and the
protective layer 1s silicon dioxide. |

An embodiment of a bipolar transistor formed in
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accordance with the present invention includes: a semi-

conductor surface having an intrinsic base formed
therein; an emitter overlying the intrinsic base; an insu-
lating spacer adjacent to a sidewall of the emitter; an
extrinsic base formed in the semiconductor surface adja-
cent to the mtrinsic base; and a conducting region
formed in contact with the extrinsic base but with an
edge closest to the emitter which is separated from the
intrinsic base.

Typically, the semiconductor surface in the bipolar
transistor is a surface of a monocrystalline silicon sub-
strate containing impurities of a first dopant type; the
intrinsic base is a region containing an impurity of a
second dopant type formed in the semiconductor sur-
face; the emitter comprises a first polysilicon region
overlying the intrinsic base; and conducting region
comprises a second polysilicon region. The extrinsic
base may be aligned either with an edge of the emitter
or an edge of the insulating spacer.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 shows a cross-sectional view of a prior art 40

bipolar transistor.

FIG. 2 shows a shows a cross-sectional view of a
structure including a substrate with an intrinsic base
implanted and a first polysilicon layer used to form
portions of a bipolar transistor in accordance with the
present mvention.

FIG. 3 shows a cross-sectional view of the structure
of FIG. 2 after masking and etching to form a polysili-
con emitter. -

F1G. 4 shows a cross-sectional view of the structure
of FIG. 3 after formation of a first spacer and a second
polystlicon layer.

FI1G. § shows a cross-sectional view of the structure
of FIG. 4 after formation of a second spacer and a pro-
tective layer on the second polysilicon layer.

FIG. 6 shows a cross-sectional view of the structure
of FIG. § after etching to remove the second spacer and
portions the second polysilicon layer under the second
spacer.

FIG. 7 shows a cross-sectional view of the structure
of FIG. 6 after formation of an insulating layer and
metal contacts. |

FIGS. 8A and 8B show top views of a bipolar transis-
tors in accordance with the present invention.

FIG. 9 shows a expanded portion of the cross-sec-
tional view of FIG. 5. |

Similar or identical items in different figures have the
same reference symbols.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In accordance with an embodiment of the present
invention, a bipolar transistor is formed using a double-
poly process. A first polysilicon (polycrystalline silicon)
layer forms an emitter of the transistor. A second
polysilicon layer forms a self-aligned polysilicon base
contact. To form the self-aligned base contact, a portion
of the second polysilicon layer is covered by silicon
nitride sidewall spacers on a step of the emitter, and a
protective oxide layer is grown on the portion of the
second polysilicon layer not covered silicon nitride
sidewall spacers. A selective etch removes the nitride
sidewall spacers but leaves the protective oxide layer.
The uncovered portion of the second polysilicon layer
is then removed to isolate the self-aligned polysilicon
base contacts from the emitter.

Because the polysilicon base contact is self aligned,
the layout of the bipolar transistor does not require
tolerances for misalignment between masks. Accord-
ingly, using the same design rules and lithoghapic
equipment, active regions of a bipolar transistor in ac-
cordance with the present invention can be made
smaller than active regions of prior art bipolar transis-
tors which do not have self-aligned contacts. A further
advantage of the double-poly process disclosed is its
similarity to processes for forming field effect transis-
tors such as described in U.S. patent application entitled
“Self-aligned Source/Drain Polysilicon or Polysilicide
Contacts 1n Field Effect Transistors”, incorporated by
reference above. The disclosed double-poly process is
highly compatible with- CMOS processes and easily
incorporated in formation of Bi-CMOS integrated cir-
cuits.

A process for forming a bipolar transistor in accor-
dance with another embodiment of the present inven-
tion 1s 1llustrated by FIGS. 2-7. FIG. 2 shows a shows
a cross-sectional view of a structure including a semi-
conductor substrate 201 and a first polysilicon layer 203
which form portions of a bipolar transistor in accor-
dance with the present invention. In this embodiment,
substrate 201 is a monocrystalline silicon substrate con-
taining an N type dopant such as arsenic. Substrate 201
has been processed using well known techniques such as
formation an epitaxial monocrystalline silicon layer
overlying a buried N+ layer (not shown). Substrate 201
1s also masked, and field oxide regions 205 are thermally
grown to help isolate an active region 202 from circuit
elements (not shown) formed elsewhere on the surface
of substrate 201. A P type dopant such as boron has
been introduced into active region 202 using conven-
tional techniques such as ion implantation or diffusion
to form an initial intrinsic base. Typically, active region
202 1s lightly doped having a dopant concentration
between approximately 1X 1017 and 5X 1018 cm—3to an
initial thickness between about 0.05 and 0.1 pum.

An ultra-thin interfacial oxide layer about 1 to 4 nm
thick may be on the surface of region 202. The interfa-
cial oxide layer may be an unavoidable native oxide
layer or a precisely controlled layer intentionally
formed using a process such as described in U.S. patent
application entitled “Low Temperature Process for
Growing Thermal Oxide Layers” which was incorpo-
rated by reference above. A precisely control ultra-thin
oxide layer between an emitter and a substrate is be-
lieved to improve the gain of a bipolar transistor. How-
ever, for applications which require low emitter resis-
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tance, low noise, or improved transistor matching char-
acteristics, the native oxide layer may be broken down

in a rapid thermal anneal (RTA) after formation of

polysilicon layer 203. An RTA exposes substrate 201 to
a temperature of about 1050° C. for between 10 and 30
seconds.

A polysilicon layer 203 is formed on substrate 201 to
a thickness between about 0.2 and 0.3 pum using well
known chemical vapor deposition (CVD) techniques.
Polysilicon layer 203 is implanted or diffused with an N

type dopant such as arsenic to a dopant concentration of
between about 1X102%° and about 1X10%* cm™3 A sili-

cide layer may be formed on emitter 303 to reduce
emitter resistance and prepare the emitter for metal
contacts.

FIG. 3 shows a cross-sectional view of the structure
of FIG. 2 after masking and etching polysilicon layer
203 to form a polysilicon emitter 303. The masking may
be preformed using well known photolithography tech-
niques. The size of the emitter 303 depends on the li-
thography equipment and the design rules used. A con-
ventional anisotropic etching technique such as reactive
ion etching (RIE) or plasma etching removes unwanted
polysilicon and leaves polysilicon emitter 303. RIE
forms sidewalls 303A which are nearly perpendicular to
the surface of substrate 201 and therefore facilitates
formation of a spacer (disclosed below) on sidewalls
303A.

A P type implant forms an initial link base 304. Link
base 304 has a higher dopant concentration than an
intrinsic base 302 which underlies emitter 303. The
implant uses polysilicon emitter 303 as a mask. Accord-
ingly, link base 304 is aligned with the edges of emitter
303 and 1s adjacent and electrically coupled to intrinsic
base region 302. Link base 304 acts as part of a link-up
region between intrinsic base 302 and a polysilicon base
contact (disclosed below). It is believed that most of the
current from emitter 303 to substrate 201, an underlying
buried region (not shown), and a collector (not shown)
flows through the intrinsic base 302. Typically, link
base¢ 304 has a dopant concentration between about
1108 to about 1 X 10 cm™2 and an initial depth be-
tween about 0.1 and about 0.2 um. In some embodi-
ments, link base 304 is not formed at this point but 1s
formed later in the process. For example, an link base
may be formed either after formation of spacers or as
part of an extrinsic base formed by diffusion from a
second polysilicon layer as disclosed below.

A spacer 406 in FIG. 4 1s formed on sidewalls 303A
of emitter 303. Such spacers are commonly referred to
as sidewall spacers. In the embodiment shown, spacer
406 1s made of silicon dioxide and may be formed by
depositing an oxide layer between about 0.2 and 0.3 um
thick using CVD and then etching the oxide layer using
an anisotropic etch such as RIE employing CHF3 and
O,, CF4 and Hy, or CHF3 and CyF¢ to remove most of
the oxide layer. The greater thickness (along the direc-

tion of the anisotropic etch) of the oxide layer adjacent

to emitter 303 causes the anisotropic etch to leave
spacer 406 when the rest of the oxide layer 1s removed.
As mentioned above, link base 304 may be formed at
this point using polysilicon emitter 303 and spacer 406
as a mask for ion implantation or diffusion of P type
dopants. |

A conductive layer 407 is deposited to a thickness
between about 0.15 and about 0.3 wm over link base 304,
spacer 406, and emitter 303. In the embodiment shown
conductive layer 407 is a polysilicon layer formed using

5,451,532
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well known CVD techniques. Optionally, a silicide
layer can be formed on the top surface of polysilicon
layer 407 to reduce resistance and condition polysilicon
layer 407 for metal contacts disclosed below. Polysili-
con layer 407 is then implanted with a P type dopant to
concentration of between about 1X10!9 and 1 102!
cm~—2 which makes polysilicon layer 407 conductive.

In an alternative embodiment, conductive layer 407
may be silicon (Si), amorphous silicon (a-Si), micro-
crystalline silicon (u-Si), polysilicide, silicide (WSiy,
Ti1S1x, CoSix, MoSi,, etc.), or another conductive mate-
rial. A silicide conductive layer 407 may be formed by
sputtering from a compound silicon target or CVD.
Polysilicide 1s formed from a polysilicon layer 407 using
well known techniques such as sputtering or evaporat-
ing a thin layer of metal onto a silicon layer 407 and
then heating to form silicide where the metal 1s in
contact with the silicon.

Because the contour of layer 407 follows the underly-
ing structure, there 1s a step in layer 407 in a region
overlying emitter 303. A second spacer 508 1s formed on
sidewalls 407A of the step in polysilicon layer 407 as
shown in FIG. §. In the embodiment of FIG. §, spacer
S08 is silicon nitride. Such spacers may be formed by
CVD of a 500 A layer of silicon nitride then an aniso-
tropic etch of the silicon nitride layer to expose portions
of polysilicon layer 407. RIE using an etch such as a
mixture of Cl; and O», or CHF3 and O3, or SFgand O
which etches silicon nitride faster than polysilicon, pro-
vides the desired spacer S08.

After formation of spacer 508, a protective layer
including regions 509 and 510 are formed on exposed
portions of polysilicon layer 407. In the embodiment of
FIG. 5, the protective layer and regions 509 and 510 are
silicon dioxide which 1is thermally grown on polysilicon
layer 407. Thermal oxide does not grow on nitride
spacer S08.

The thermal process which forms oxide regions 509
and 510 causes diffusion of dopants from emitter 303
and polysilicon layer 407. N type diffusion from
polysilicon emitter 303 forms a heavily dope N+ emit-

~ ter region 503 having a depth of about 0.1 to 0.2 um in
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substrate 201. Emitter 303 follows the contour of sub-
strate 201 and has a relatively uniform dopant concen-
tration. Accordingly, emitter region 503 is uniform
even 1f emitter 303 1s small. In some prior art processes,
an emitter is formed from a second polysilicon layer
partly overlying a base contact so that the emitter has a
step, and the emitter’s thickness along the direction of
an ion implant varies. If the emitter is too small, the
variation in thickness along the direction of the ion
implant causes uneven doping of the prior art emitters
and a non-uniform emitter region in an underlying sub-
strate. The yield of operable transistors is decreased by
non-uniformity in the emitters. This decrease in yield is
known as the “narrow emitter effect.” Bipolar transis-
tors in accordance with this embodiment of the present
invention do not suffer from the narrow emitter effect.

P type dopants in intrinsic base 302 and link base 304
of FIG. 4 migrate to a depth of about 0.2 to 0.3 um in
substrate 201 to form an intrinsic base 502. The dopant
concentration of intrinsic base 502 1s highest under
spacer 406 because dopants in that region are predomi-
nantly from link base 304 rather than initial intrinsic -
base 302. P type dopants from link base 304 and from
polysilicon layer 407 diffuses to a depth of about 0.4 to
0.6 um in substrate 201 to form extrinsic base 504. The



5,451,532

7

dopant concentration of extrinsic base 504 is increased
by diffusion of P type atoms from polysilicon layer 407.

To control the amount of diffusion, a high pressure
oxidation (HIPOX) process can be used. HIPOX re-
duces the time required to grow protective regions 509
and 510 and thereby limits the amount of diffusion. For
example, the oxide layer may be grown by exposing
polysilicon layer 407 (and the rest of the structure
shown in FIG. §) to oxygen or water vapor at 10 to 25
atmospheres and 850° to 950° C. for about 1 to 10 min-
utes.

Silicon nitride spacer 508 is removed using an etch
such as hot (150° to 180° C.) phosphoric acid (H3POj4)
which is selective to silicon dioxide so that protective
regions 509 and 510 remain substantially intact. Remov-
ing nitride spacer 508 exposes a portion of polysilicon
layer 407 which was adjacent to and below spacer 508.
The exposed portion of polysilicon layer 407 is removed
using an isotropic etch such as a wet etch or a plasma
etch to electrically isolate polysilicon base contact
607A from emitter 303 as shown in FIG. 6. Polysilicon
region 607B becomes part of polysilicon emitter 303 or
optionally may be removed. Removal can be accom-
plished for example by adding a layer of planarized
photoresist or spin-on glass which protects lower re-
gions of the structure shown in FIG. 6 while the higher
regions (510 and 607B) are removed.

A low temperature oxide (I.TO) layer 711 approxi-
mately 0.2 to 0.4 pm thick is then deposited by CVD
over polysilicon base contact 607A, substrate 201, and
polysilicon emitter 303. Openings for metal contacts
including metal base contacts 712 are then formed
through oxide layer 711. Silicide can be formed on
silicon exposed by the openings before metal is depos-
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ited. Such formation of silicide may not be necessary if 35

silicide was previously formed on layer 407 as disclosed
above 1n regard to FIG. 4. Finally metal base contact
712, emitter contact 813, and collector contact 814 are
formed using well known techniques. Contacts 712,
813, and 814 permit electrical connections to polysilicon
base contact 607A, emitter 303, and a collector region
(not shown) in substrate 201.

FIGS. 8A and 8B show examples transistor geome-
tries for emitter 303, base contact 607A, and field oxida-
tion 205 in accordance with the invention. FIG. 8A
shows the relative positions of base contact 712, emitter
contact 813, and collector contact 814 when emitter 303
1s large enough that emitter contact 813 can be formed
over the active region. FIG. 8B shows the relative
positions of base contact 712, emitter contact 813, and
collector contact 814 when emitter contact 813 is
formed over field oxidation 205. Forming base contacts
712 over the field oxide instead of over active regions
permits the active regions to be made smaller. Addition-
ally, collector-base junction capacitance is reduced by
having metal contacts 712 further from the active re-
gions and each other and on top of the field oxide which
has a higher dielectric constant than silicon.

FIG. 9 shows an expanded portion of FIG. 5 and
indicates a typical spacing achievable in a bipolar tran-
sistor in accordance with the invention. In FIG. 9,
spacer 4.06 has a width X4 of about 0.2 um. Polysilicon
layer 407 and spacer 508 have respective widths X3 and
X2 01 0.15 and 0.05 pm. As disclosed above with regard
to FIGS. S and 6, spacer 508 and the potions of layer
407 under spacer 508 are etched away leaving a total
distance X3S of about 0.4 um between polysilicon base
contact 607A and polysilicon emitter 303. The distance
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XS 1s not subject to variations caused by alignment
errors between masks because spacers 508 and 406 are
self-aligned with emitter 303 and define the location of
base contact 607A. The precision of the distance X5 is
himited by the precision of the thickness of layer 407 and
spacer 508 and the precision of the etching techniques
used to remove spacer 508 and the underlying regions
of polysilicon layer 407.

It should also be noted that the edge of extrinsic base
504 closest to emitter 303 is aligned with a fixed offset of
about 0.2 um from the edge of the polysilicon base
contact 607A.

The distance X0 from the edge of isolation region 205
to the edge of emitter 303 is about 0.7 um and is subject
to alignment error between a mask for field oxide region
205 and a mask for polysilicon emitter 303. Accord-
ingly, the length X1 of contact between polysilicon
contact 607A and extrinsic base 504 is about 0.3 um and
1s subject to alignment error. However, for symmetric
transistors having base contacts on either side of the
transistor such as shown in FIG. 8, alignment error
reducing the contact area on one side of the emitter
tends to increase the contact area on the opposite side.

Although the present invention has been described
with reference to particular embodiments, the descrip-
tion i1s only an example of the invention’s application
and should not be taken as a limitation. In particular,
even though much of preceding disclosure was directed
to an NPN bipolar transistor formed in the surface of a
monocrystalline silicon substrate, the present invention
1S not so limited. In light of the above disclosure, it will
be understood by those skilled in the art that PNP bipo-
lar transistors can also be formed in accordance with
the present invention. Further, bipolar transistors are
not limited to being formed in the surface of monocrys-
talline silicon. Transistors in accordance with the pres-
ent invention can be formed in polycrystalline silicon
and other semiconductor materials including for exam-
ple, gallium-arsenide. In addition, although the dis-
closed embodiments employ a first spacer that is silicon
dioxide, a second spacer that is silicon nitride, and a
protective silicon dioxide layer that covers portions of
the base contact layer not covered by the second
spacer, embodiments of the present invention are not
limited to these materials. In another embodiment, the
second spacer and the protective layer are formed using
materials such that a selective etch is available to re-
move the second spacer without removing the protec-
tive layer. The first spacer can generally be made of any
insulating material or can be omitted completely. If the
first spacer is omitted, a suitable material such as a reoxi-
dation layer can be provided on the walls of the emitter
to prevent etching of the emitter when the base contacts
are 1solated from the emitter. It will also be understood
that the order of processing steps disclosed may be
varied from the disclosed order when practicing pro-
cesses 1 accordance with the present invention. Ac-
cordingly, various modifications, adaptations, substitu-
tions and combinations of different features of the spe-
cific embodiments can be practiced without departing
from the scope of the invention set forth in the ap-
pended claims.

We claim:

1. A process for making a bipolar transistor, compris-
ing the steps of:

forming an emitter on a semiconductor surface;

forming a first spacer on a sidewall of the emitter:
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forming an extrinsic base in the semiconductor sur-
face:

forming a conductive silicon layer in contact with the
extrinsic base and overlying the first spacer and the
emitter such that a step is formed in the conductive

5

silicon layer in a region near the emitter and the

first spacer;

forming a second spacer on a sidewall of the step;

forming a protective layer on a portion of the con-
ductive layer not covered by the second spacer;

removing the second spacer to expose a portion of the
conductive silicon layer covered by the second
spacer but leave covered by the portion of the
conductive silicon layer covered by the protective
layer; and

removing the exposed portion of the conductive sili-
con layer to leave a portion of the conductive sili-
con layer in contact with the extrinsic base and
electrically isolated from the emitter.

2. The process of claim 1, wherein the step of forming

an emitter comprises the steps of:

depositing a polysilicon layer on the semiconductor

surface; |

doping the polysilicon layer with an impurity of a

first dopant type; | |

masking the polysilicon layer to protect a first region

of the polysilicon layer and leave exposed a second
region of the polysilicon layer; and

etching the polysilicon layer to remove the second

region but leave the first region.

3. The process of claim 2, wherein the step of forming
the conductive silicon layer comprises the steps of:

depositing a second polysilicon layer, the second

polysilicon layer being in contact with the extrinsic
base and overlying the semiconductor surface and
the emitter; and |

doping the polysilicon layer with an impurity of a

second dopant type.

4. The process of claim 3, further comprising the step
of forming a silicide on the second polysilicon layer.

3. The process of claim 3, wherein the step of forming
a second spacer comprises the steps of:

depositing a layer of silicon nitride on the second

polysilicon layer; and

anisotropically etching the silicon nitride layer to

remove silicon nitride from a portion of the second
‘polysilicon layer.

6. The process of claim 5, wherein the step of forming
a protective layer comprises the step of thermally grow-
ing a silicon dioxide on the portion of the second
polysilicon layer not cover by the second spacer.

7. The process of claim 3, wherein the step of forming
the extrinsic base further comprises the step of diffusing
some of the impurity from the second polysilicon layer
into the semiconductor surface.

8. The process of claim 1, wherein the second spacer
comprises silicon nitride, and the protective layer com-
prises silicon dioxide.

9. The process of claim 1, wherein the step of forming
the extrinsic base further comprises the step of using the
emitter and the first spacer as a mask for controlling
implantation of an impurity into the semiconductor
surface. |

10. The process of claim 9 further comprising the step
of doping the conductive silicon layer with an impurity,
wherein the step of forming the extrinsic base further
comprises the step of diffusing some of the impurity
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from the conductive silicon layer into the semiconduc-
tor surface.

11. The process of claim 1, wherein the step of form-
ing the extrinsic base further comprises the step of using
the emitter as a mask for controlling implantation of an
1mpurity into the semiconductor surface.

12. The process of claim 11, further comprising the
step of doping the conductive silicon layer with an
impurity, wherein the step of forming the extrinsic base
further comprises the step of diffusing some of the im-
purity from the conductive silicon layer into the semi-
conductor surface.

13. A process for making a bipolar transistor, com-
prising the steps of:

forming an emitter on a semiconductor surface;

forming an extrinsic base using the emitter as a mask

for controlling implantation of an impurity into the
semiconductor surface:;
forming a first spacer on a sidewall of the emitter;
forming a conductive layer in contact with the extrin-
sic base and overlying the first spacer and the emit-
ter such that a step is formed in the conductive
layer in a region near the emitter and the first
spacer;
forming a second spacer on a sidewall of the step;
forming a protective layer on a portion of the con-
ductive layer not covered by the second spacer;

removing the second spacer to expose a portion of the
conductive layer covered by the second spacer but
leave covered the portion of the conductive layer
covered by the protective layer; and

removing the exposed portion of the conductive layer

to leave a portion of the conductive layer in
contact with the extrinsic base and electrically
1solated from the emitter.

14. The process of claim 13, further comprising the
step of doping the conductive layer with an impurity,
wherein the step of forming the extrinsic base further
comprises the step of diffusing some of the impurity
from the conductive layer into the semiconductor sur-
face.

15. A process for making a bipolar transistor, com-
prising the steps of:

forming an emitter on a semiconductor surface;

forming a first spacer on a sidewall of the emitter;

forming an extrinsic base in the semiconductor sur-
face;
forming a conductive layer by depositing a silicide
layer in contact with the extrinsic base and overly-
Ing the semiconductor surface, the first spacer, and
the emitter such that a step is formed in the conduc-
tive layer in a region near the emitter and the first
Spacer;
forming a second spacer on a sidewall of the step;
forming a protective layer on a portion of the con-
ductive layer not covered by the second spacer;

removing the second spacer to expose a portion of the
conductive layer covered by the second spacer but
leave covered the portion of theé conductive layer
covered by the protective layer; and

removing the exposed portion of the conductive layer

to leave a portion of the conductive layer in
contact with the extrinsic base and electrically
1solated from the emitter.

16. The process of claim 15, wherein the step of de-
positing a silicide layer comprises sputtering from a
target which comprises a metal-silicon compound.
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17. A process for making a bipolar transistor, com-

prising the steps of:

forming an emitter on a semiconductor surface:
forming a first spacer on a sidewall of the emitter;

12

forming a protective layer on a portion of the con-
ductive layer not covered by the second spacer:

removing the second spacer to expose a portion of the
‘conductive layer covered by the second spacer but

,_ T _ : | 5 leave covered the portion of the conductive layer
forming an extrinsic base in the semiconductor sur- covered by the protective layer: and
face; removing the exposed portion of the conductive layer
forming a conductive layer in contact with the extrin- to leave a portion of the conductive layer in
sic base and overlying the first spacer and the emit- contact with the extrinsic base and electrically
ter such that a step is formed in the conductive 10 isolated from the emitter.

layer in a region near the emitter and the first

18. The process of claim 17, wherein the layer of

spacer material comprises a layer of silicon nitride de-
posited on the conductive layer.

19. The process of claim 18, wherein the step of form-
ing a protective layer comprises the step of thermally
growing oxide on the portion of the conductive layer
not cover by the second spacer.

spacer;
forming a second spacer on a sidewall of the step,
wherein the second spacer comprises a sidewall 15
spacer formed by depositing of a layer of spacer
material over the conductive layer and anisotropi-

cally etching the layer of spacer material;
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